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ERROR CORRECTION ENCODING 
APPARATUS AND METHOD AND ERROR 
CORRECTION DECODING APPARATUS 

AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority of Korean Patent 
Application No. 2003-40480, ?led on Jun. 21, 2003, in the 
Korean Intellectual Property Of?ce, the disclosure of Which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to error correction encoding 

and decoding technologies, and more particularly, to an error 
correction encoding method and apparatus, and an error 
correction decoding method and apparatus, Which can more 
precisely detect errors that have occurred in error-correc 
tion-encoded data. 

2. Description of the Related Art 
There are various types of data storage devices, including 

magnetic disks, such as a ?oppy disk and a hard disk, 
magnetic tapes, semiconductor memory chips, such as ROM 
and RAM, and optical disks, such as a CD and a DVD, etc. 

Optical disks have been Widely adopted in recent years 
because their storage capability has rapidly increased due to 
developments in semiconductor and signal processing tech 
nologies. In addition, optical discs are relatively inexpen 
sive. Data is recorded on optical disks on a block-by-block 
basis. For example, each block is an error correction code 
(ECC) block, Which is a minimal data unit that is error 
correctable. Because an optical disk may be scratched or 
damaged by dust, data is error-correction-encoded in a 
predetermined manner before being recorded on the optical 
disk. 
A Reed-Solomon code is often used to error-correction 

encode data. For example, a Reed-Solomon code (248, 
216,32) generates a 248-byte codeWord by adding a 32-byte 
parity to a 216-byte user data to correct errors in the 
216-byte user data. 

In the case of error-correction-decoding error-correction 
encoded data, additional information, for example, burst 
indicator subcode (BIS) data, is inserted betWeen adjacent 
Reed-Solomon codes in order to more easily detect errone 
ous parts of the error-correction-encoded data. The BIS data 
has such a high data rate that it can correct most of the errors 
that have occurred in the error-correction-encoded data. 

FIG. 1 illustrates the format of conventional error-correc 
tion-encoded data, Which comprises ECC data C0 through 
C3 and BIS data B0 through B2. Referring to FIG. 1, each 
of the ECC data C0 through C3 is 38 bytes long, and each 
of the BIS data is 1 byte long. The BIS data B0 through B2 
are inserted betWeen C0 and C1, betWeen C1 and C2, and 
betWeen C2 and C3, respectively. 

The BIS data B0 through B2 are error-correction-decoded 
?rst. If one of the ECC data C0 through C3 is determined as 
being surrounded by tWo consecutive erroneous BIS data, 
the corresponding ECC data is considered erroneous and it 
is error-correction-decoded, thereby increasing ECC data 
error correctability. These types of error correction encoding 
and decoding methods, using a conventional BIS data struc 
ture and a conventional Reed-Solomon coding method, are 
disclosed in US. Pat. No. 6,367,049. 
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2 
The conventional error correction encoding and decoding 

methods, hoWever, may falsely determine ECC data as being 
erroneous if the ECC data is surrounded by tWo consecutive 
erroneous BIS data. 

SUMMARY OF THE INVENTION 

An aspect of the invention provides an error correction 
encoding method and apparatus, Which can more precisely 
detect erroneous data. 
An aspect of the invention also provides an error correc 

tion decoding method and apparatus, Which can more pre 
cisely detect erroneous data. 

According to an aspect of the invention, there is provided 
an error correction encoding method. The error correction 
encoding method involves generating error correction code 
(ECC) data, Which is M bytes long, by error-correction 
encoding user data in a predetermined manner; generating 
burst indicator subcode (BIS) data, Which is N bytes long 
and is used to detect errors that have occurred in the user 
data; dividing the ECC data into a plurality of sub-ECC data 
each having a length that is less than the ECC data; dividing 
the BIS data into a plurality of sub-BIS data having a length 
that is less than a minimal data unit that is error-correction 
encodable; and (e) alternately arranging the plurality of 
sub-ECC data and the plurality of sub-BIS data. 
According to another aspect of the invention, there is 

provided an error correction encoding apparatus. The error 
correction encoding apparatus includes an error correction 
encoder, Which generates error correction code (ECC) data, 
Which is M bytes long, by error-correction-encoding user 
data in a predetermined manner, and generates burst indi 
cator subcode (BIS) data, Which is N bytes long and is used 
to detect errors that have occurred in the user data; a 
sub-data generator, Which divides the ECC data into a 
plurality of sub-ECC data each having a length that is less 
than the ECC data and divides the BIS data into a plurality 
of sub-BIS data having a length that is less than a minimal 
data unit that is error-correction-encodable; and a data 
synthesiZer, Which alternately arranges the plurality of sub 
ECC data and the plurality of sub-BIS data. 

According to another aspect of the invention, there is 
provided an error correction decoding method. The error 
correction decoding method involves receiving digital data, 
in Which a plurality of sub-ECC data and a plurality of 
sub-BIS data are alternately arranged; generating BIS data 
having the same length as a minimal data unit that is 
error-correction-decodable by combining every predeter 
mined number of sub-BIS data together; error-correction 
decoding the BIS data in a predetermined manner; deter 
mining Which sub-BIS data of the BIS data is erroneous by 
comparing the error-correction-decoded BIS data With the 
BIS data yet to be error-correction-decoded; and determin 
ing sub-ECC data surrounded by tWo consecutive erroneous 
sub-BIS data as being erroneous. 
According to another aspect of the invention, there is 

provided an error correction decoding apparatus. The error 
correction decoding apparatus includes a BIS data generator, 
Which receives digital data, in Which a plurality of sub-ECC 
data and a plurality of sub-BIS data are alternately arranged, 
and generates BIS data having the same length as a minimal 
data unit that is error-correction-decodable by combining 
every predetermined number of sub-BIS data together; an 
error correction decoder, Which error-correction-decodes the 
BIS data in a predetermined manner; and an error deter 
miner, Which determines Which sub -BIS data of the BIS data 
is erroneous by comparing the error-correction-decoded BIS 
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data with the BIS data yet to be error-correction-decoded, 
and determines sub-ECC data surrounded by two consecu 
tive erroneous sub-BIS data as being erroneous. 

Additional aspects and/ or advantages of the invention will 
be set forth in part in the description which follows and, in 
part, will be obvious from the description, or may be learned 
by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and/or other features and advantages of the 
present invention will become more apparent by describing 
in detail exemplary embodiments thereof with reference to 
the attached drawings in which: 

FIG. 1 is a diagram illustrating the format of conventional 
error-correction-encoded data, which comprises error cor 
rection code (ECC) data and burst indicator subcode (BIS) 
data; 

FIG. 2 is a diagram illustrating the format of error 
correction-encoded data according to an aspect of the inven 
tion, which comprises sub-ECC data and sub-BIS data; 

FIG. 3 is a block diagram of a data recording/reproducing 
apparatus that performs error correction encoding and 
decoding methods according to an aspect of the invention; 

FIG. 4 is a block diagram of an error correction encoding 
apparatus according to an aspect of the invention; 

FIG. 5 is a ?owchart of an error correction encoding 
method according to an aspect of the invention; 

FIG. 6 is a block diagram of an error correction decoding 
apparatus according to an aspect of the invention; and 

FIG. 7 is a ?owchart of an error correction decoding 
method according to an aspect of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference will now be made in detail to the embodiments 
of the present invention, examples of which are illustrated in 
the accompanying drawings, wherein like reference numer 
als refer to the like elements throughout. The embodiments 
are described below to explain the present invention by 
referring to the ?gures. 

Referring back to FIG. 1, which illustrates the format of 
conventional error-correction-encoded data, burst indicator 
subcode (BIS) data B0 is inserted between error correction 
code (ECC) data C0 and ECC data C1, BIS data B1 between 
the ECC data C1 and ECC data C2, and BIS data B2 
between the ECC data C2 and the ECC data C3. Each of the 
BIS data B0 through B2 is 1 byte long. It is understood that 
the BIS data is not limited to being 1 byte long. In the 
invention, each of the BIS data B0 through B2 is divided into 
a plurality of sub-BIS data each having a length that is less 
than each of the BIS data B0 through B2, and the plurality 
of sub-BIS data are arranged in each of the ECC data C1 
through C3 at regular intervals, thereby more precisely 
locating ECC data, in which an error has occurred during an 
error-correction-decoding process. Due to the sub-BIS data, 
each of the ECC data C1 through C3, which is 38 bytes long, 
is divided into a plurality of sub-ECC data. 

FIG. 2 is a diagram illustrating the format of error 
correction-encoded data according to an aspect of the inven 
tion, which comprises sub-ECC data C'0 through C6 and 
sub-BIS data B'0 through B'5. Referring to FIG. 2, each of 
the sub-ECC data C'0 through C5 is 22 bytes long, and the 
sub-ECC data C6 is 20 bytes long. Each of the sub-BIS data 
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4 
is 4-bit long. It is understood that each of the C0 through 
C5, C6, and B0 through B'5 may be different lengths from 
those discussed above. 

Each of the ECC data C0 through C3 of FIG. 1 is divided 
into the sub-ECC data C'0 through C6 of FIG. 2. In addition, 
the BIS data B0 of FIG. 1 is divided into the sub-BIS data 
B'0 and B'1 of FIG. 2, the BIS data B1 into the sub-BIS data 
B'2 and B'3, and the BIS data B2 into the sub-BIS data B'4 
and B'5. 
The sub-BIS data B'0 and B'1 are combined together into 

l-byte BIS data, the sub-BIS data B'2 and B'3 are combined 
together into l-byte BIS data, and the sub-BIS data B'4 and 
B'5 are combined together into l-byte BIS data, and then 
each of the l-byte BIS data is error-correction-decoded. 
Thereafter, it is determined which sub-BIS data are errone 
ous by comparing the error-correction-decoded BIS data 
with their respective counterparts yet to be error-correction 
decoded. 

Accordingly, it is possible to detect which part of error 
correction-encoded data is erroneous on a sub-ECC data 
by-sub-ECC data basis by detecting erroneous sub-BIS data 
and determining sub-ECC data surrounded by two consecu 
tive erroneous sub-BIS data as being erroneous. 

FIG. 3 is a block diagram of a data recording/reproducing 
apparatus 200 that performs error correction encoding and 
decoding methods according to an aspect of the invention. 
Referring to FIG. 3, the data recording/reproducing appara 
tus 200 includes an optical head 210, an error correction 
encoding and decoding apparatus 230, and a controller 250. 
The optical head 210 records data on or reads data from an 
optical disk 100 under the control of the controller 250. The 
error correction encoding and decoding apparatus 230 per 
forms an error correction encoding method on data to be 
recorded on the optical disk 100 under the control of the 
controller 250 and/ or performs an error correction decoding 
method on data read from the optical disk 100 under the 
control of the controller 250. The error correction encoding 
and decoding methods are compatible with each other. The 
controller 250 controls the error correction encoding and 
decoding apparatus 230 and the optical head 210 so that data 
is recordable on and/or readable from the optical disk 100. 

FIG. 4 is a block diagram of an error correction encoding 
apparatus 300 according to an aspect of the invention. The 
error correction encoding apparatus 300 is included in the 
error correction encoding and decoding apparatus 230 and 
performs an error correction encoding method. Referring to 
FIG. 4, the error correction encoding apparatus 300 includes 
an error correction encoder 310, a sub-data generator 330, 
and a data synthesiZer 350. 
The operation of the error correction encoding apparatus 

300 will now be described more fully with reference to FIG. 
5. FIG. 5 is a ?owchart of an error correction encoding 
method according to an aspect of the invention. In operation 
410, the error correction encoder 310 receives user data and 
error-correction-encodes the received user data in a prede 
termined manner, thereby generating ECC data, which is M 
bytes long. In operation 430, the error correction encoder 
310 receives address data that speci?es an address of an 
optical disk, at which the user data is to be recorded, and 
error-correction-encodes the received address data, thereby 
generating BIS data, which is N bytes long. Here, the BIS 
data is used for detecting where in the ECC data errors have 
occurred. As shown in FIG. 2, M and N may be set to (but 
not restricted to) 152 and 3 bytes, respectively. 

The error correction encoder 310 may use a Reed-So 
lomon encoding method to error-correction-encode the user 
data and the address data, thereby generating the ECC data 
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and the BIS data. The Reed-Solomon encoding method is 
disclosed in greater detail in US. Pat. No. 6,367,049. The 
error correction encoder 310 is not limited to using the 
Reed-Solomon encoding method. 

The sub-data generator 330 receives the ECC data and the 
BIS data from the error correction encoder 310, divides the 
ECC data into a plurality of sub-ECC data each having a 
length that is less than the ECC data in operation 450, and 
divides the BIS data into a plurality of sub-BIS data each 
having a length that is less than the BIS data in operation 
470. It is understood that the BIS data may be divided prior 
to the ECC data. 

Referring to FIG. 2, the ECC data, Which is 152 bytes 
long, is divided into the sub-ECC data C'0 through C'6. Each 
of the sub-ECC data C'0 through C5 is 22 bytes long, and 
the sub-ECC data C6 is 20 bytes long. The BIS data, Which 
is 3 bytes long, is divided into the sub-BIS data B'0 through 
B'5. Each of the sub-BIS data B'0 through B'5 is 4-bits long. 
HoWever, the lengths of the ECC data, each of the sub-ECC 
data comprising the ECC data, the BIS data, and each of the 
sub-BIS data comprising the BIS data are not restricted to 
the values set forth herein. 

In the Reed-Solomon technique, data is error-correction 
encoded or error-correction-decoded on a one byte-by-one 

byte basis. Therefore, data shorter than 1 byte cannot be 
error-correction-encoded or error-correction-decoded using 
the Reed-Solomon technique. In the invention, the BIS data 
is split into the plurality of sub-BIS data each shorter than 1 
byte, and the plurality of sub-BIS data are respectively 
arranged among the plurality of sub-ECC data having a 
length that is less than the ECC data. 

In operation 490, the data synthesizer 350 receives the 
plurality of sub-ECC data and the plurality of sub-BIS data 
from the sub-data generator 330 and alternately arranges the 
plurality of sub-ECC data and the plurality of sub-BIS data, 
thereby completing the entire error-correction-encoding pro 
cess and obtaining error-correction-encoded data. Thereaf 
ter, the error-correction-encoded data is recorded on the 
optical disk. 

FIG. 6 is a block diagram of an error correction decoding 
apparatus 600 according to an aspect of the invention. The 
error correction decoding apparatus 600 is provided in the 
error correction encoding and decoding apparatus 230 and 
performs an error correction decoding method. Referring to 
FIG. 6, the error correction decoding apparatus 600 includes 
a BIS data generator 610, an error correction decoder 630, 
and an error determiner 650. The operation of the error 
correction decoding apparatus 600 Will noW be described 
more fully With reference to FIG. 7. FIG. 7 is a ?owchart of 
an error correction decoding method according to an aspect 
of the invention. 

In operation 710, the BIS data generator 610 receives 
digital data, in Which a plurality of sub-ECC data and a 
plurality of sub-BIS data are alternately arranged, as shoWn 
in FIG. 2, from a data storage medium, such as an optical 
disk. In operation 730, the BIS data generator 610 combines 
consecutive groups of sub-BIS data, the groups being a 
predetermined number of sub-BIS data in length, into BIS 
data having a predetermined length required in the error 
correction decoding method. 

Here, the digital data is error-correction-decoded in the 
same manner it has been error-correction-encoded; hoWever, 
it is not limited to such a process. The Reed-Solomon 
technique is generally used to error-correction-encode or 
error-correction-decode data. In the Reed-Solomon tech 
nique, a minimal data unit that is error-correction-encodable 
and/or error-correction-decodable has a l-byte length. For 
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6 
example, if each sub-BIS data is 4-bits long, every tWo 
sub-BIS data are combined together to generate l-byte BIS 
data. 

In operation 750, the error correction decoder 630 
receives BIS data having a predetermined length, Which is 
required in the error correction decoding method according 
to an aspect of the invention, from the BIS data generator 
610 and error-correction-decodes the received BIS data in a 
predetermined manner. The error correction decoder 630 
may use a Reed-Solomon decoding method to error-correc 
tion-decode the BIS data. 

In operation 770, the error determiner 650 receives the 
error-correction-decoded BIS data from the error correction 
decoder 630, receives the BIS data yet to be error-correc 
tion-decoded from the BIS data generator 610, compares the 
error-correction-decoded BIS data and the BIS data yet to be 
error-correction-decoded, thereby determining Which sub 
BIS data are erroneous. 

In operation 790, the error determiner 650 determines 
sub-ECC data surrounded by tWo consecutive erroneous 
sub-BIS data as being erroneous. 
As described above, according to the invention, it is 

possible to more precisely detect the location of data in 
Which an error has occurred during an error-correction 
decoding process. In addition, the invention is easily real 
iZed by slightly modifying the structures of conventional 
Reed-Solomon and BIS codes. 

Although a feW embodiments of the invention have been 
shoWn and described, it Would be appreciated by those 
skilled in the art that changes may be made in these 
embodiments Without departing from the principles and 
spirit of the invention, the scope of Which is de?ned in the 
claims and their equivalents. 

What is claimed is: 
1. An error correction encoding method comprising: 
generating error correction code data, Which has ?rst 

bytes, by error-correction-encoding user data in a pre 
determined manner; 

generating burst indicator subcode-data, Which has sec 
ond bytes and is used to detect errors that have occurred 
in the user data; 

dividing the error correction code data into a plurality of 
sub-error correction code data each having a length that 
is less than the error correction code data; 

dividing the burst indicator subcode data into a plurality 
of sub-burst indicator subcode data having a length that 
is less than a minimal data unit that is error-correction 
encodable; and 

alternately arranging the plurality of sub-error correction 
code data and the plurality of sub-burst indicator sub 
code; and 

recording the arranged sub-error correction code data and 
sub -burst indicator code data onto a recording medium. 

2. The error correction encoding method of claim 1, 
Wherein the minimum data unit that is error-correction 
encodable is 1 byte, and the burst indicator subcode data is 
divided into a plurality of sub-burst indicator subcode data 
each having a length that is less than 1 byte. 

3. The error correction encoding method of claim 2, 
Wherein the burst indicator subcode data is divided into a 
plurality of sub-burst indicator subcode data each having a 
4-bit length. 

4. The error correction encoding method of claim 1, 
Wherein the error correction code data is generated by 
error-correction-encoding the user data using a Reed-So 
lomon encoding method. 
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5. An error correction encoding apparatus comprising: 
an error correction encoder, to generate error correction 

code data, Which has ?rst bytes, by error-correction 
encoding user data in a predetermined manner, and to 
generate burst indicator subcode-data, Which has sec 
ond bytes and is used to detect errors that have occurred 
in the user data; 

a sub-data generator, to divide the error correction code 
data into a plurality of sub-error correction code data 
each having a length that is less than the error correc 
tion code data and to divide the burst indicator subcode 
data into a plurality of sub-burst indicator subcode data 
having a length that is less than a minimal data unit that 
is error-correction-encodable; and 

a data synthesiZer to alternately arrange the plurality of 
sub-error correction code data and the plurality of 
sub-burst indicator subcode data. 

6. The error correction encoding apparatus of claim 5, 
Wherein the minimum data unit that is errorcorrection 
encodable is 1 byte, and the error correction encoder divides 
the burst indicator subcode data such that each of the 
plurality of sub-burst indicator subcode data is a length of 
less than 1 byte. 

7. The error correction encoding apparatus of claim 6, 
Wherein the sub-data generator divides the burst indicator 
subcode data such that each of the plurality of sub-burst 
indicator subcode data is a 4-bit length. 

8. The error correction encoding apparatus of claim 5, 
Wherein the error correction encoder generates the error 
correction code data by error-correction-encoding the user 
data using a Reed-Solomon encoding method. 

9. An error correction decoding method to detect errors in 
data received from a recording medium, the method com 
prising: 

receiving digital data from a recording medium, in Which 
a plurality of sub-error correction code data and a 
plurality of sub-burst indicator subcode data are alter 
nately arranged; 

generating burst indicator subcode data having the same 
length as a minimal data unit that is error-correction 
decodable by combining every predetermined number 
of sub-burst indicator subcode data together; 

error-correction-decoding the burst indicator subcode 
data in a predetermined manner; 

determining Which sub-burst indicator subcode data of the 
burst indicator subcode data is erroneous by comparing 
the error-correction-decoded burst indicator subcode 
data With the burst indicator subcode data yet to be 
error-correction-decoded; and 

determining sub-error correction code data surrounded by 
tWo consecutive erroneous sub-burst indicator subcode 
data as being erroneous. 

10. The error correction decoding method of claim 9, 
Wherein the minimal data unit that is error-correction-de 
codable is 1 byte. 

11. The error correction decoding method of claim 10, 
Wherein each of the plurality of sub-burst indicator subcode 
data is 4-bits and burst indicator subcode data having a 
l-byte length is generated by combining tWo sub-burst 
indicator subcode data together. 

12. The error correction decoding method of claim 9, 
Wherein the burst indicator subcode data is error-correction 
decoded using a Reed-Solomon decoding method. 

13. An error correction decoding apparatus comprising: 
a burst indicator subcode data generator, to receive digital 

data, in Which a plurality of sub-error correction code 
data and a plurality of sub-burst indicator subcode data 
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8 
are alternately arranged, and to generate burst indicator 
subcode data having the same length as a minimal data 
unit that is error-correction-decodable by combining 
every predetermined number of sub-burst indicator 
subcode data together; 

an error correction decoder to error-correction-decode the 
burst indicator subcode data in a predetermined man 
ner; and 

an error determiner to determine Which sub-burst indica 
tor subcode data of the burst indicator subcode data is 
erroneous by comparing the error-correction-decoded 
burst indicator subcode data With the burst indicator 
subcode data yet to be error-correction-decoded, and 
determines sub-error correction code data surrounded 
by tWo consecutive erroneous sub-burst indicator sub 
code data as being erroneous. 

14. The error correction decoding apparatus of claim 13, 
Wherein the minimal data unit that is error-correction-de 
codable is 1 byte. 

15. The error correction decoding apparatus of claim 14, 
Wherein each of the plurality of sub-burst indicator subcode 
data is 4-bits, and the burst indicator subcode data generator 
generates burst indicator subcode data having a l-byte 
length by combining tWo sub-burst indicator subcode data 
together. 

16. The error correction decoding apparatus of claim 13, 
Wherein the error correction decoder error-correction-de 
codes the burst indicator subcode data using a Reed-So 
lomon decoding method. 

17. An error correction encoding and/or decoding method 
to detect errors in user data on a recording medium, the 
method comprising: 

generating error locating data of a predetermined siZe to 
detect errors in the user data; 

dividing the error locating data into a plurality of sub 
error locating data, each sub-error locating data having 
a length that is less than a minimal data unit that is 
error-correction-encodable; and 

arranging the plurality of sub-error locating data in each 
of the error correction code blocks at regular intervals 
in order to locate erroneous user data, Wherein the 
recording medium includes user data recorded on a 
block-by-block basis such that each block is an error 
correction code block. 

18. The error correction encoding and/or decoding 
method of claim 17, Wherein the error locating data is burst 
indicator subcode data that is error-correction-encoded/de 
coded using a Reed-Solomon decoding/ encoding technique. 

19. The error correction encoding and/or decoding 
method of claim 18, Wherein each error correction code 
block is divided at a predetermined location by arranging 
each sub-error locating data at a predetermined interval of 
the user data. 

20. The error correction encoding and/or decoding 
method of claim 19, further comprising determining Whether 
any of the sub-error locating data is erroneous by combining 
together each sub-error locating data into a respective pre 
divided error locating data state to be error error-correction 
decoded and comparing each error-correction-decoded error 
locating data With the respective pre-divided error locating 
data that is not error-correction decoded. 

21. The error correction encoding and/or decoding 
method of claim 20, further comprising detecting Which part 
of error-correction-encoded data is erroneous by determin 
ing Whether any of the divided error correction code blocks 
is located betWeen tWo detected erroneous sub-error locating 
data, successively, Wherein each divided error correction 
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code blocks determined to be successively located between 
tWo erroneous sub-error locating data is erroneous. 

22. The error correction encoding and/or decoding 
method of claim 17, Wherein the minimal data unit that is 
error-correction-encodedable and/or decodedable is 1 byte, 
and the error locating data is divided into a plurality of 
sub-error locating data each having a length of less than 1 
byte. 

23. The error correction encoding and/or decoding 
method of claim 22, Wherein each of the sub-error locating 
data is a 4-bit length. 

24. The error correction encoding and/or decoding 
method of claim 23, Wherein the error locating data is 
generated by error-correction-encoding the user data using a 
Reed-Solomon technique. 

25. The error correction encoding and/or decoding 
method of claim 24, Wherein the Reed-Solomon technique is 
used to error-correction encode data and/or error-correction 
decode data on a one byte-by-one byte basis. 

26. The error correction encoding and/or decoding 
method of claim 24, further comprising recording the error 
correction encoded data on the recording medium. 

27. The error correction encoding and/or decoding 
method of claim 17, Wherein the recording medium is an 
optical disk. 

28. An error correction encoding and/or decoding appa 
ratus to detect errors in user data on a recording medium, the 
recording medium having user data recorded on a block 
by-block basis such that each block is an error correction 
code block, the apparatus comprising: 

an error correction encoder to generate error locating data 
of a predetermined size to detect errors present in the 
user data; 

a sub-data generator to divide the error locating data into 
a plurality of sub-error locating data, each sub-error 
locating data having a length that is less than a minimal 
data unit that is error-correction-encodedable; and 

a data synthesizer to arrange each of the sub-error locating 
data in each of the error correction code blocks at a 
predetermined location in order to locate erroneous 
user data, Wherein each error correction code block has 
one of the sub-error locating data located on each side, 
respectively. 
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29. The error correction encoding and/or decoding appa 

ratus of claim 28, Wherein the error locating data is burst 
indicator subcode data that is error-correction-encoded/de 
coded using a Reed-Solomon decoding/ encoding technique. 

30. The error correction encoding and/or decoding appa 
ratus of claim 29, Wherein each error correction code block 
is divided at predetermined location by arranging each 
sub-error locating data at a predetermined location of the 
user data. 

31. The error correction encoding and/or decoding appa 
ratus of claim 30, further comprising a controller to detect 
Which part of error correction encoded data is erroneous, 
Wherein each sub-error locating data is combined into a 
respective pre-divided error locating data state and error 
correction-decoded and compared With the respective pre 
divided error locating data that is not error-correction 
decoded, such that sub-error correction encoded data sur 
rounded by tWo consecutive erroneous sub-error locating 
data is erroneous. 

32. The error correction encoding and/or decoding appa 
ratus of claim 28, Wherein the minimum data unit that is 
error-correction-encodable and/or decodable is 1 byte, and 
each of the sub-error locating data is a length that is less than 
1 byte. 

33. The error correction encoding and/or decoding appa 
ratus of claim 32, Wherein each sub-error locating data is a 
4-bit length. 

34. The error correction encoding and/or decoding appa 
ratus of claim 33, Wherein the error locating data is gener 
ated by error-correction-encoding the user data using a 
Reed-Solomon technique. 

35. The error correction encoding and/or decoding appa 
ratus of claim 34, Wherein the Reed-Solomon technique is 
used to error-correction encode data and/or error-correction 
decode data on a one byte-by-one byte basis. 

36. The error correction encoding and/or decoding appa 
ratus of claim 34, further comprising recording the error 
correction encoded data on the recording medium. 

37. The error correction encoding and/or decoding appa 
ratus of claim 36, Wherein the recording medium is an 
optical disk. 



UNITED STATES PATENT AND TRADEMARK oPPIcE 

CERTIFICATE OF CORRECTION 

PATENT No. ; 7,350,133 B2 Page 1 of 1 
APPLICATION No. ; 10/869054 
DATED ; March 25, 2008 
INVENTOR(S) ; Ki-hyun Kim et a1. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 6, line 52, claim 1 insert --data-- after “code”. 

Column 7, line 19, claim 6 change “errorcorrection” to --error-correction--. 

Signed and Sealed this 

Seventeenth Day of June, 2008 

,, Wail,” 

JON W. DUDAS 
Director ofthe United States Patent and Trademark O?ice 


